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ANTIPROTON-INDUCED ELASTIC AND INELASTIC SCATTERING
AT INTERMEDIATE ENERGIES

W.-H. Ma und D.D. Strcttman
Theoretical Division, Los Alamos National Laboratory
Los Alamos, New Mexico,87545, USA

With the construction and subsequent operation of LEAR,beams of low-energy antiproton
with previously unobtainable intensity and quality were possible. Elastic and inelastic scattering
experiments were performed on several nuclei in both the p- and sd-shell as well as on targets of
heavier mass. In the very near future experiments with antiproton having momentum of up to 2
Gev/c will be possible. It is the purpose of this brief article to report results of initial calculations
of p-nucleus scattering for energies that span this new energy region and for which the clementary
pN amplitudes are known.

The Glauber model has proven capable of providing an excellent description of the low-en-
ergy p-nucleus scattering. In this work we shall use the Glauber model, which not only is quite ac-

curate, but requires a minimu:n of input data for the calculations. The amplitude for (p,p') on a
nucleus of A nucleons in the Glauber model may be written as

L
Fy M, (Q°) = ike bdbJ, (qbI)T., rM.(b) .
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where
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where AM=M;-M;y, ¢y is the azimuthal angle of b, and l‘M-M,(b) is the nuclear profile function

resulting from evaluating the nuclear matrix element. The angular distribution is calculated by
averaging over intial states and summing over final states:

do

d? - 2.l.+l Y IFumlai? .

Mth
The single-particle profile function, [, is obtained from the pN amplitude:

h(g) = ™) + fP(q) .

The superscripts (n) and (p) refer to p-neutron and p-proton amplitudes, respectively. The pN
clementary amplitudes fN)(q) are assumed to have a Gaussian form

o oN) . (N) 2.2
N .
r()-lkd alnlp )c“/z.N-n.p.

where the values for ©, p, and P are taken from the experimental evaluations of Kaseno et al. and
Yenn et al. We have assumed the p-neutron and p-protoa interaction are the same.



The initial and final nuclear wave functions that enter our calculations were calculated as a
sum of Slater determinants using a version of the Glasgow shell model code. The nuclei 160 and
40Ca are treated as closed-shell nuciei for which there is a single determinant. 12C is treated within
the complete p-shell basis for which there are S1 determinants. The wave functions for mass
twelve were obtained using the matrix elements of Cohen e al.

The single-particle wave funciions were calculated assuming a Woods-Saxon central po-
teatial and binding the nucleons at their experimental energies. The single-particle wave functions
were then expanded in terms of three-dimensional Hermite polynomials, for which the matrix ele-
ments of the profile function are easily calculated.

The values of the total pN cross section, G, the ratio of the real-to-imaginary pN forward
amplitude, p, and the value of the diffraction-slope parameter, B, used in our calculations are
given in the following table.

p(Gev/c) T(GeV) o(fm-2) p B(GeV)
0.799 0.232 13.2 0.26 5.9
1.174 0.565 10.6 0.22 14.9
1.412 0.757 10.0 0.24 14.2
1.776 1.070 9.2 0.14 13.2
2.607 1.833 8.1 0.04 13.1

The calculated results are essentialz independent of small variations in the value of p.
Changing p will essentially only affect the depth of the minima, which should not be expected to
be accurately reproduced ir our calculations since we have omitted the Coulomb interaction. Thus,
the only essential sensitivity will be due to 6. The errors on this quantity are relativeiy small. The
principal unknowns are the values of the three parameters for the pn interaction. We have taken
them to be equal to the pp interaction, an approximation that has worked quite well at lower ener-
gies.

Figs. 1-3 show results for elastic scattering of antiprotons on 12C, 160, and 40Ca for five -
kineiic energies from 0.23 to 1.83 GeV. The forward-angle cross section increases as both the tar-
get mass and the incident energy increases. The maximum energy of the antiproton with the up-
graded LEAR shonld be intermediate between 1.07 and 1.83 GeV. Thus, even at the maximum
energics, one should anticipate being able to measure the angular distribution for scattering from
12C and 160 out to the second minimum and perhaps the subsequent maximum. However, it will
occur at the highest energies inside 209. For *0Ca one conceivably could measure past the third
minima. Itis in this region that effects due to the single-particle wave functic:n and the value of the
diffraction-slope parameter, B, of the 83 interuction will become more pronounced. Measurement
of the angular distributions for 190, 180 or several of the Ca isotopes should allow one more reli-
ably to extr-ct the pn interaction from experiment.

In Fig. 4 are shown results at the five energies of Inelastic excitation of the 2+ excited state
of i2C. We have usea an effective chasge of B =1.5, a value consistent with electromagnetic
rransitions and other hadron-irduced reactions. A value of B =1 would have resulted in angular
distr'hutions of essentially identical shape but iiiving a magnitude of approximately two smaller.
*''e emphasize that our approach includes one-body through A-body scarttering (always with the
cikenal restriction that no nucleon is struck more than once).

Although no experimertal data is now available for coinparison with the theoretical predic-

tions in this paper, the presen; results are sufiiciently reliable to be a guide for measurements in the
very nedr future. We believe that antiproton-induced elastic and inelastic scattering on nuclei at

2



intermediate energies are particularly interesting. Some new and possibly unexpected phenomena
may occur owing to the unique features of the many-body system. It may also produce new in-

formation on both the nuclear structure and the antinucleon-nucleon interaction, in particular the p-
neutron interaction.
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Fig. 1. Differential cross section in laboratory

system for p-elastic scattering on |

2C, 160

and 40Ca. The solid lines are results for 232
MeV and the dashed lines for 565 MeV.
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Fig. 2. Differential cross section in laboratory
system for p-elastic scattering on 12C

and 49Ca. The solid lines are resu

160

lts for 757

MeV and the dashed lines for 107(0) MeV.

Fig. 3. Differential cross section in laboratory
?xcs:terln for 1.83 GeV p-elastic scattering on

60, and 40Ca.
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Fig. 4. Differential cross section in laborutory
system for p-clastic scattering to the 2+ of
I2C at five energies. Notc that the 232-McV
and 565-MeV curves extend to 45° whereas



